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ADDENDUM
The abbreviation for Electrospray Mass Spectrometry is ESMS'
2.16:Table2.8:Theabsolutestructureparameteris-0'3(2)'
2-I7:The syrnmetry operation isx, 2-y, l/2+z'
3-13: The last sentence should read 'Hence, a detailed analysis and discussion
of the results is not included in this thesis, as the author did not undertake the
experiments.'
3-15: Fig. 3.2: The c(3)-c(5) atoms of a butyl group were found to be
disordered so that two positions (50% occupancy) were found for each of
C(3) and C(s).
3-28: Fig. 3.5: The tin-bound n-butyl group was fgun$_!o be disordered so
that two fositions (50% occupancy) were found for the C(22)-C(24) atoms'
5-4: 5.2.2: The mass of trimesic acid used was 0.111 g and three molar
equivalents of organotin were used.
5-7: 5.2.5: The volume of organotin used was 100 ¡rL and varying molar
equivalents (one, three and six) of dithiocarb afrÚ¡te were used.








D E C L A R A T I O N
T h i s  t h e s i s  
c o n t a i n s  
n o  m a t e r i a l  w h i c h  
h a s  b e e n  a c c e p t e d  
f o r  t h e  
a w a r d  
o f  a n y  o t h e r
d e g r e e  
o r  d i p l o m a  
i n  a n y  u n i v e r s i t y  
a n d ,  
t o  t h e  
b e s t  o f  m y  k n o w l e d g e ,  
c o n t a i n s  
n o
m a t e r i a l  
p r e v i o u s l y  
p u b l i s h e d  o r  w r i t t e n  
b y  a n o t h e r  
p e r s o n ,  e x c e p t  
w h e r e  d u e
r e f e r e n c e  i s  
m a d e .
I  c o n s e n t  
t o  t h e  t h e s i s  
b e i n g  
m a d e  a v a i l a b l e  
f o r  
p h o t o c o p y i n g  
a n d  
l o a n  i f  a c c e p t e d
f o r  t h e  a w a r d  
o f  t h e  d e g r e e .
D a v i d  C l a r k e
J u n e  2 0 0 1
A C K N O W L E D G E M E N T S
I  w o u l d  
l i k e  
t o  t h a n k  
T r e e n a  f o r  a l l  
h e r  
e n c o u r a g e m e n t  
a n d  
s u p p o r t  
d u r i n g  
t h e
c o u r s e  
o f  t h i s  
p r o j e c t  
a n d  
a l s o  
t o  m y  f a m i l y  
f o r  t h e i r  
s u p p o r t  
a s  w e l l '
I  
w o u l d  a l s o  
l i k e  t o  t h a n k  
t h e  
m e m b e r s  
o f  L a b  
1 0 ,  e s p e c i a l l y  
D o u g  
f o r  a l l  
h i s  h e l p ,
e s p e c i a l l y  
w i t h  c r y s t a l l o g r a p h y  
a n d  
t h e  m e r c a p t o b e n z o a t e  
w o r k  
a n d  
a l s o  
M i k e ,  
B e n
a n d  S u s a n .
T h a n k s  
m u s t  a l s o  
g o  
t o  
A n d r e w  
D u t h i e  a n d  
P r o f .  D a i n i s  
D a k t e r n i e k s  
f o r
p e r f o r m i n g  a n d  
h e l p i n g  
i n  t h e  i n t e r p r e t a t i o n  
o f  t h e  
E S M S  
a n d  
P h i l  C l e m e n t s  
f o r
p e r f o r m i n g  2 - D  
N M R  e x p e r i m e n t s  
a n d  h i s  
h e l p  w i t h  
t h e  V T  
N M R  
a n d  t h e  
A R C  
f o r
f u n d i n g .
F i n a l l y ,  
I  w o u l d  
l i k e  t o  
t h a n k  
m y  s u p e r v i s o r ,  
D r .  E d w a r d  
T i e k i n k ,  
f o r  a l l  
h i s
s u p p o r t  
a n d  
i d e a s  t h r o u g h o u t  
t h e  c o u r s e  
o f  
t h i s  
p r o j e c t .
l l
A B S T R A C T
T h e r e  w e r e  
t h r e e  
m a j o r  a i m s  
f o r  t h i s  
p r o j e c t .  T h e  
f i r s t  m a j o r  
a i m  
w a s  t o  e x p l o r e
a l t e r n a t i v e  
s y n t h e t i c  
p a t h w a y s  
t o  
h i g h  n u c l e a r i t y  
o r g a n o t i n  
c l u s t e r s  
t h a t  
m a y  
h a v e
u s e  a s  
c a t a l y s t s .  
C o m p l e x e s  
o f  
t h e  t y p e  
( R 3 S n O z C ) ¡ C o H ¡  w e r e  
p r e p a r e d  
a n d
c h a r a c t e r i s e d  
b y  
i n f r a r e d  
a n d  
N M R  s p e c t r o s c o p y ,  
a n d  i n  
t w o  c a s e s  
X - r a y
c r y s t a l l o g r a p h y .  
T h e s e  t r i n u c l e a r  
c o m p o u n d s  
f e a t u r e  t e t r a h e d r a l  
t i n  c e n t r e s ,  
o w i n g
t o  t h e  
m o n o d e n t a t e  c o o r d i n a t i o n  
o f  t h e  
c a r b o x y l a t e  
g r o u p s .  A t t e m p t s  
t o  s u b s t i t u t e
o n e  
p h e n y l  
g r o u p  
b y  
X  
( X  
=  
C l ,  
O A c ,  
O H )  t o  
f o r m  
[ P h z ë ) S n O z C ] ¡ C o H ¡  
t y p e
c o m p l e x e s ,  
a t t e m p t e d  
i n  o r d e r  
t o  e x t e n d  
t h e  t r i n u c l e a r  
f r a m e w o r k ,  
w e r e
u n s u c c e s s f u l .
T h e  s e c o n d  
m a j o r  a i m  o f  
t h i s  
p r o j e c t  
w a s  
t o  
p r o d u c e  
p r e c u r s o r s  f o r  o r g a n o t i n - o x o
c l u s t e r s .  
T h i s  
i n v o l v e d  
p r e p a r a t i o n  o f  c o m p l e x e s  
o f  t h e  
t y p e  R S n L : ,  
R S n L z C l  
a n d
R S n L C l z ,  
w h e r e  
L  i s  a  d i t h i o c a r b a m a t e  
a n i o n  
( - S 2 C N R 2 ) .  
E S M S  
w a s  
u s e d  t o
e x a m i n e  
w h e t h e r  
t h e  
p r e c u r s o r  c o m p l e x e s  
l e d  
t o  s p e c i f i c  
c l u s t e r  
f o r m a t i o n  
u p o n  
t h e
a d d i t i o n  
o f  b a s e .  
T h e  
r e s u l t s  o f  
t h e  E S M S  
s u g g e s t e d  
t h e  
f o r m a t i o n  
o f  a  
v a r i e t y  
o f
c l u s t e r s  
r a t h e r  t h a n  a  s p e c i f i c  
c l u s t e r .  
T h e s e  
c o m p l e x e s  
w e r e  
c h a r a c t e r i s e d  
b y
s p e c t r o s c o p y  
a n d  
i n  f o u r  c a s e s ,  
X - r a y  
c r y s t a l l o g r a p h y ,  
c o n f i r m i n g  
t h e  f o r m a t i o n  
o f
s e v e n  
( R S n L ¡ ) ,  
s i x  
( R S n L 2 C l )  
a n d  
f i v e  
( R S n L C l 2 )  
c o o r d i n a t e  
s p e c i e s .
T h e  t h i r d  
m a j o r  a i m  o f  t h i s  
p r o j e c t  w a s  t o  
f o r m  
m i x e d  d i n u c l e a r  
t i n  
s p e c i e s  
u s i n g  
2 -
a n d  
4 - m e r c a p t o b e n z o i c  
a c i d s  
a s  l i g a n d s .  
T h e s e  
c o m p l e x e s  
w e r e  c h a r a c t e r i s e d  
b y
s p e c t r o s c o p i c  
m e t h o d s  
a n d  
i n  
o n e  
c a s e  
b y  X - r a y  
c r y s t a l l o g r a p h y ,  
w h i c h  
c o n f i r m e d
t h a t  
t h e  m o l e c u l e s  d o  
n o t  a g g r e g a t e  
i n  t h e  s o l i d  
s t a t e .
A B B R E V I A T I O N S
T h e  f o l l o w i n g  
a b b r e v i a t i o n s  
a r e  
u s e d  










Z m b a
4 m b a
C } { z C l z









( X - Y )
* , / o - "
m e t h y l
e t h y l
i s o - p r o p y l
i s o - b u t y l
t e r t - b t t y I
p h e n y l
c y c l o h e x y l
b u t y l
m e t h y l
2 - m e r c a p t o b e n z o i c  
a c i d
4 - m e r c a p t o b e n z o i c  
a c i d
d i c h l o r o m e t h a n e
d i m e t h y l s u l p h o x i d e
A n g s t r o m s
d e g r e e s  C e l s i u s
K e l v i n
N u c l e a r  M a g n e t i c  
R e s o n a n c e
s i n g l e t  
( N M R )
d o u b l e t
d o u b l e t  
o f  d o u b l e t s
d o u b l e t  
o f  t r i p l e t s
t r i p l e t
q u a f t e t
s e x t e t
m u l t i p l e t
b r o a d
o b s c u r e d
n o t  o b s e r v e d
i n f r a r e d
w e a k
m e d i u m
s t r o n g  
( I R )
v e r y  s t r o n g
b r o a d
H e r t z
M e g a  
H e r t z
p a r t s  p e r  m i l l i o n
t e t r a m e t h y l s i l a n e
t e t r a m e t h y l t i n
c h e m i c a l  
s h i f t  
i n  
p p m
w a v e l e n g t h
a l k y l ,  a r y l
t
q



















S t r e t c h i n g  
f r e q u e n c y  
o f  t h e  
X - Y  b o n d  
i n  c m - l
c o u p l i n g  c o n s t a n t  
b e t w e e n  
n u c l e i  
A  
a n d  
B  o v e r  
x  b o n d s  
i n H z
l v
t H  
N l ¿ R
' , C  
N M R
t l e s n  
N M R
H M Q C




D ( c a l c )
p r o t o n - 1  N M R
p r o t o n  
d e c o u p l e d  
c a r b o n - 1 3  
N M R
t i n - l 1 9  
N M R
H e t e r o n u c l e a r  
M u l t i p l e  
Q u a n t u m  
C o h e r e n c e
H e t e r o n u c l e a r  
M u l t i p l e  
B o n d  
C o n n e c t i v i t y
f o r m u l a  w e i g h t
V o l u m e
n o .  
o f  m o l e c u l e s  
i n  t h e  
a s y m m e t r i c  
u n i t
c a l c u l a t e d  
d e n s i t y  
i n  
g  
c m 3
T a b l e  o f  C o n t e n t s
D e c l a r a t i o n
A c k n o w l e d g m e n t s
A b s t r a c t
A b b r e v i a t i o n s
T a b l e  o f  C o n t e n t s
C h a p t e r  






H i s t o r y  o f  O r g a n o t i n ( I V )  
C o m p o u n d s
C h e m i s t r y  
o f  
T i n
U s e s  o f  
T i n  a n d  I t s  C o m p o u n d s
T i n  
I n  
C a t a l y s i s







C h a p t e r  
2  
S p e c t r o s c o p y  
a n d  
c r y s t a l l o g r a p h y  
o f  t h e  
/ n s ( t r i o r g a n o t i n )







2 . 1  S p e c t r o s c o p i c  
c h a r a c t e r i s a t i o n  
2 ' l
2 . l l  I n f r a r e d  
s p e c t r o s c o p y  
2 - I
2 . 1 . 2  N u c l e a r  
M a g n e t i c  R e s o n a n c e  
s p e c t r o s c o p y  
2 - 2
2 . t . 2 . 1 t H  
N M R  S p e c t r o s c o p y  
2 - 2
2 . 1 . 2 . 2  
t ' C  
N M R  
S p e c t r o s c o p y  
2 - 4
2 . I . 2 . 3  
t ' e s n  
N M R  S p e c t r o s c o p y  
2 - 6
2 . 2  R e a c t i o n s  
o f  t h e  
( R ¡ S n O z C ) ¡ C o H ¡  
c o m p l e x e s  
2 ' 7
2 . 3  C r y s t a l l o g r a p h y  
2 ' 9
2 . 3 . 1  T h e  c r y s t a l  
a n d  m o l e c u l a r  
s t r u c t u r e  
o f  r r i s ( t r i p h e n y l t i n )  
t r i m e s a t e
( P h ¡ S n O z C ) ¡ C o H ¡  
2 - 8
2 . 3 . 2  
T h e  c r y s t a l  a n d  m o l e c u l a r  
s t r u c t u r e  
o f  r r i s ( d i m e t h y l s u l p h o x i d e . t r i p h e n y l t i n )
t r i m e s a t e . 2 d i m e t h y l s u l p h o x i d e  
( D M S O . P h : S n O z C ) ¡ C 6 H 3 . 2 D M S O  
2 - 1 3
2 . 4  C o n c l u s i o n  
2 - 7 8
v l
C h a p t e r  
3  S p e c t r o s c o p y  
a n d  c r y s t a l l o g r a p h y  
o f  t h e  
m o n o o r g a n o t i n
d i a l k y l d i t h i o c a r b a m a t e  
c o m p l e x e s
3 . 1  S p e c t r o s c o p i c  
c h a r a c t e r i s a t i o n
3 . 1 . 1  
I n f r a r e d  s p e c t r o s c o p y
3 . 1 . 2  N u c l e a r  
M a g n e t i c  R e s o n a n c e  
s p e c t r o s c o p y
3 . 1 . 2 . I  
t H  
N M R  S p e c t r o s c o p y
3 . 1 . 2 . 2  
t t c  
N M R  S p e c t r o s c o p y
3 . 1 . 2 . 3  
t t n s n  
N M R  S p e c t r o s c o p y
3 . 2  
E l e c t r o s p r a y M a s s S p e c t r o m e t r y
3 . 3  C r y s t a l l o g r a p h y
3 . 3 . 1  
T h e  C r y s t a l  a n d  
M o l e c u l a r  S t r u c t u r e  
o f  
P h S n ( S z C N ' B u z ) ¡
3 . 3 . 2  
T h e  C r y s t a l  a n d  
M o l e c u l a r  S t r u c t u r e  
o f  
P h S n ( S z C N ' B u 2 ; 2 C l
3 . 3 . 3  
T h e  
C r y s t a l  
a n d  M o l e c u l a r  
S t r u c t u r e  o f  
B u S n ( S 2 C N ' P r 2 ) 2 C l
3 . 3 . 4  T h e  C r y s t a l  
a n d  M o l e c u l a r  
S t r u c t u r e  o f  
B u S n ( S 2 C N ' B u 2 ) 2 C l
3 . 4  C o n c l u s i o n
C h a p t e r  
4  
S p e c t r o s c o p y  
a n d  c r y s t a l l o g r a p h y  
o f  
t h e  b i s ( t r i o r g a n o t i n )
m e r c a p t o b e n z o a t e  
c o m p l e x e s
4 . L  S p e c t r o s c o p i c c h a r a c t e r i s a t i o n
4 . l l  I n f r a r e d  s p e c t r o s c o p y
4 . 1 . 2  N u c l e a r  
M a g n e t i c  R e s o n a n c e  
s p e c t r o s c o p y
4 . 1 . 2 . t  
t t t  
N v t R  
S p e c t r o s c o p y
4 . I . 2 . 2  
t ' C  
N M R  
S p e c t r o s c o p y
4 . 1 . 2 . 3  
t t n s n  
N M R  S p e c t r o s c o p y
4 . 2  C r y s t a l l o g r a p h y
4 . 2 . I  T h e  C r y s t a l  
a n d  M o l e c u l a r  
S t r u c t u r e  o f  
( C y 3 S n ) 2 ( 2 m b a )
4 . 3  C o n c l u s i o n
C h a p t e r  
5  







3 - r 2
3 - 1 3
3 - 1 4
3 - 1 4
3 - 1 9
3 - 2 4
3 - 2 7








4 - 1 1 .
4 - r t
4 - 1 5
5 - 1
5 . L
5 . 1 . 1
5 . r . 2





I n s t r u m e n t a t i o n
I n f r a r e d  s p e c t r o s c o p y
N u c l e a r  M a g n e t i c  
R e s o n a n c e  s p e c t r o s c o p y
C r y s t a l l o g r a p h y
v r l
5 . 2
5 . 2 . r
5 . 2 . 2
5 . 2 . 3
5 . 2 . 4
s . 2 . 5
5 . 2 . 6
5 . 2 . 7
S y n t h e s e s
T r i o r g a n o t i n  
h y d r o x i d e s
T r l s ( t r i o r g a n o t i n )  
1 , 3 , 5 - b e n z e n e t r i c a r b o x y l a t e s
A t t e m p t e d  s y n t h e s e s  
o f  
r r l s ( t r i o r g  
a n o t i n )  
I , 3 , 5  - b e n z e n e t r i c  
a r b o x y l a t e s
S o d i u m  
d i a l k y l d i t h i o c a r b a m a t e s
M o n o o r g a n o t i n  
d i a l k y l t h i o c a r b a m a t e s
4 - m e r c a p t o b e n z o i c  
a c i d
B l s ( t r i o r g a n o t i n )  








5 - 1 0
6 - 1
C o n c l u s i o n
R e f e r e n c e s
A p p e n d i c e s
A
v l 1 1
